DISCLAIMER
Portions of this document may be illegible in electronic image products. Images are produced from the best available original document. Abstract. The ability to monitor corrosion and stress-corrosion cracking of uranium 4.5-weight percent niobium was investigated. The acoustic emissions from stress-corrosion cracking were monitored using smooth four-point bend specimens, which were immersed in oxygen-saturated water containing chlOride ions. The acoustic emissions from corrosion were monitored from rectangular corrosion coupons. These latter specimens were exposed to nitrogen-saturated and oxygen-saturated solutions of distilled water and distilled water with chloride ions. Dilute solutions of hydrochloric acid were also used. Findings show that stresscorrosion crack monitoring of the alloy was successful. Corrosion monitoring of the alloy showed a direct correlation between corrosion rate (based on weight loss) and total acoustic emissions. For a specific range, one can calculate the corrosion rate of uranium alloys in a corrosive solution from the total acoustic emissions generated. Studies to detennine the source of corrosion-induced acoustic emissions were inconclusive.
INTRODUCTION
The usefulness of applying acoustic emission monitoring for the early detection of stress-corrosion cracking (SCC) has recently been given more recognition. Initially, the purpose of this investigation was to determine the applicability of using acoustic emission to detect the onset of stress corrosion cracking in uranium 4.5-weight percent (wt%) niobium (Nb).
Specimens mounted in a four-point bend device, stressed to 85 percent of their yield strength, and subjected to an environment of oxygen-saturated water containing 50 parts per million (ppm) chloride (Cl-) ions, were monitored for acoustic emissions. Initial results showed that appreciable acoustic emissions were detected in less than one-tenth the time to failure. However, emissions c'ontinued after the specimen had broken as noted in Figure 1 , (darkened lines represent specimen break). Another source of these acoustic emissions appeared to come from unstressed material. Testing continued on unstressed specimens exposed to varying concentrations of c1-, with and without oxide coatings, and nitrogen (N 2 ) or oxygen (0 2 ) bubbled through the solution. The corrosion rates of several of the specimens were continually monitored.
The objective of the investigation was to ( 1) determine the source of these acoustic emissions, (2) determine what factors will affect these acoustic emissions, and (3) find if any correlation existed between these acoustic emissions and corrosion rates. 
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DISCUSSION
Experimental Procedure:
The specimens were uranium 4.5-wt % Nb with a two-year oxide coating. These specimens were solution-quenched and aged for 80 hours at 260 °C.
Test Monitoring for Stress-Corrosion Cracks:
Using Type-316 stainless steel, four-point bending fixtures (Figure 2) , the specimens were then loaded to a stress-level equivalent to 85 percent of the yield stn~ngth. The loacl frame with specimer1 was then immersed into an oxygen-saturated water solution containing 50 ppm Cl-. Two single-ended Dunegan transducers were used; mounting one on the specimen and one on the loading fixture to monitor for acoustic emissions. Amplifier gains of 93 and 85 decibels (dbs) with a high-pass filtering of 100 kilohertz (kHz) were used. Failure was expected to occur within 3 to 5 hours. s, 6
Corrosion Test Monitoring:
Unstressed uranium specimens with. an oxide (builtup over a 2-year storage) and without an oxide (specimens belt-sanded on 220 grit paper) were immersed in water containing 5, 25, 50, and 100 ppm c1-. Both oxygen and nitrogen were alternately bubbled through the solution. These specimens (0.1 X 0.75 X 6-inches) ·were each monitored with two Dunegan single-ended transducers set at 93-db gain and a high-pass filtering of 100 kilohertz. 
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A second series of tests was conducted with beltsanded specimens to determine whether tensile residual stresses in the alloy could cau.se microcracking on the surface and thus acoustic emissions. These specimens were monitored before and after shot peening in both distilled water and water containing 100 ppm c1-. The shot-peening process should induce compressive residual stresses. These compressive stresses should either eliminate or greatly reduce the po~sibility of microcracking on the surface and acoustic emissions produced.
A third series of tests was conducted with unstressed specimens without oxide coatings immersed in 0.1, 0.5, and 1 N HCl (hydrochloric) solutions. Oxygen was bubbled· through the solution and the gravimetric corrosion rates of the specimens were recorded along with the total number of acoustic emissions.
Results:
Initial tests with unstressed specimens revealed that specimens immersed in chloride· solutions definitely produced more acoustic emissions than those in distilled water (Figure 3) . Theorizing that the microcracking of the oxide could be the source of these emissions, tests conducted with and without the oxide gave the results shown in Figures 4 through 7. The alternate bubbling of nitrogen and oxygen through the soiution possibly had a decreasing or increasing effect (or both) on.the growth of the oxide. The variation in chloride concentrations was to determine whether a chloride threshold level existed that would cause these acoustic emissions. Initial results reveal that the oxide has no effect on the acoustic emissions. Long-I case, the specimen emitted more acoustic emissions after shot peening and the opposite occurred in the other case.
Several specimens immersed only in hydrochloric acid solutions were monitored for acoustic emissions and corrosion rates. An increase in corrosion rate appeared to produce an increase in acoustic emissions (Figure 9 ).
One result, however, did not agree and it was theorized that the cause could only be attributed to a different mechanism of corrosion (i.e., pitting, general corrosion, etc.).
Using a stress-corrosion cracking frame, stressed specimens were monitored for acoustic emissions with the gain set of 85 db. This gain was the level found where no corrosion induced emissions had been detected. The results showed that emissions w·cre i>till detected within G percent of failure with zero emissions after failure (Figure 10 ).
CONCLUSIONS
From the test results, the conclusions are:
1. Corroding uranium specimens emit some form of acoustic emission.
2. Oxide coatings appear to have no effect on acoustic emissions.
3. No correlation appears to exist between nitrogen (N 2 ) and oxygen (0 2 ) in the reaction causing acoustic emissions.
term testing also showed that even concentrations 4. Residual stresses on the surface which may cause microcracking in corrosive environments have no effect on the acoustic emission output.
as low as 5 ppm chloride caused corrosion-induced acoustic emissions.
One specimen exposed to 10 ppm a-in distilled 5. water emitted many acoustic emissions until silver nitrate was added to precipitate the chloride content. After the precipitation was completed, the emissions ceased (Figure 8) . Following Figures 9 and 10, 6. Figures 11 and 12 show that microcracking due to tensile residual stresses had no direct correlation with the total acoustic emission output. In one 4 For certain corrosion rates, a correlation appears evident between acoustic emissions and corrosion rates.
The monitoring of stress-corrosion cracking specimens for acoustic emissions appears to be of value even with the amplifier gain set below the threshold of corrosion-induced emissions. Legend.
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